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(57) ABSTRACT

An article storage device is provided for holding a plurality
of standardized containers. The standardized containers
extend between a bottom surface extending generally hori-
zontally and a top surface spaced from and generally parallel
to the bottom surface. The standardized containers further
include an opening side perpendicular to the top and bottom
surfaces and a door flange extending along the opening side
and beyond the top surface. The standardized containers
further include a lifting flange attached to the top surface for
receiving a lifting tool. The standardized containers are
disposed in the storage rack with their respective opening
sides facing away from an access space for allowing a
retrieval transport apparatus to move in a substantially
horizontal plane between the access space to engage the
lifting flange without being obstructed by the door flange.
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HIGH DENSITY STOCKER

This U.S. National Stage Patent Application claims the
benefit of PCT International Patent Application Serial No.
PCT/US2018/026674 filed Apr. 9, 2018 entitled “High Den-
sity Stocker” which claims the benefit of U.S. Provisional
Patent Application Ser. No. 62/487,757 filed Apr. 20, 2017
entitled “High Density Stocker,” the entire disclosures of the
applications being considered part of the disclosure of this
application and hereby incorporated by reference.

This PCT International Patent Application claims the
benefit of U.S. Provisional Patent Application Ser. No.
62/487,757 filed Apr. 20, 2017 entitled “High Density
Stocker,” the entire disclosure of the application being
considered part of the disclosure of this application and
hereby incorporated by reference.

TECHNICAL FIELD

A system and method for an article storage device for
storing a plurality of standardized containers. More specifi-
cally, an article storage device that includes a storage rack
for storing standardized containers and a storage and
retrieval transport apparatus for moving the standardized
containers into and out of the storage rack.

BACKGROUND

Article storage devices, also called stockers (STKs), are
used in a number of industries for holding standardized
containers articles of manufacture or components thereof.
Specialized versions of article storage devices may include
special features for specific applications. For instance, stock-
ers used for holding front opening unified pods (FOUPs) in
semiconductor fabrication plants may include enclosures for
maintaining a controlled atmosphere and specialized inter-
faces for interacting with an automated material handling
system (AMHS) which may include overhead shuttles
(OHS) and/or overhead track (OHT) vehicles. It is a gen-
erally standard practice for AMHS systems to deliver
FOUPS with the opening facing toward the destination
machine. As shown in FIG. 1, article storage devices 1 of the
prior art generally include a storage and retrieval transport
apparatus 2 that moves in an access space 3, and store the
FOUPs 4 with the opening 5 facing the access space 3.

Plant floor space, and particularly floor space accessible
to an AMHS, is at a cost premium, and therefore an article
storage device which can store more standardized containers
in a given amount of space could provide a significant cost
savings. Furthermore, by storing standardized containers in
closer proximity to one another, they may be retrieved or
stored in a lower amount of time, thereby increasing the
efficiency of the associated system or systems.

In view of the foregoing, there remains a need for
improvements to article storage devices to hold more stan-
dardized containers within a given space.

SUMMARY OF THE INVENTION

An article storage device is provided for holding a plu-
rality of standardized containers. The standardized contain-
ers may define an interior space for holding a plurality of
semiconductor wafers. Each standardized container may
extend between a bottom surface extending generally hori-
zontally and a top surface spaced from and generally parallel
to the bottom surface. The standardized containers may
include an opening side perpendicular to the top and bottom
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surfaces for providing access to the interior space and may
also include a door flange extending along the opening side
and beyond the top surface. The standardized containers
may further include a lifting flange attached to the top
surface for receiving a lifting tool, also called a chuck, for
lifting the standardized container.

An access space may be provided for allowing movement
of the standardized containers. The article storage device
may include a first storage rack adjacent the access space
and including a plurality of positions each configured to hold
one of the standardized containers. A storage and retrieval
transport apparatus, which may also be called a Rack Master
(RM), may be movable within the access space and may
include an arm configured to move a chuck into the storage
rack to engage a standardized container and to thereby move
the standardized container to or from a position within the
storage rack.

According to an aspect of the invention, the standardized
containers may each be disposed in the storage rack with
their respective opening sides facing away from the access
space for allowing the chuck of the retrieval transport
apparatus to move in a substantially horizontal plane
between the access space to engage the lifting flange of one
of the standardized containers without being obstructed by
the door flange.

According to another aspect of the invention, the arm of
the storage and retrieval transport apparatus may include a
plurality of segments with a joint between each of the
segments, and with a total of at least three joints for
positioning the lifting tool into engagement with any of the
standardized containers in the rack without contacting any
other ones of the standardized containers in said rack.

By orienting the opening side and the associated door
flange facing away from the access space, the chuck may
slide horizontally into position to engage the lifting flange of
the standardized container while requiring a minimal clear-
ance above the standardized container which may allow the
racks to be configured with a lower vertical storage pitch and
thereby lessening the vertical height of the rack required to
hold a given number of standardized containers. As shown
in FIGS. 4-5, the vertical storage pitch may be reduced, for
example, from 453 mm to 380 mm.

By constructing the arm of the storage and retrieval
transport apparatus to include a plurality of segments with a
joint between each of the segments, and with a total of three
or more hinged joints, the arm of the present invention may
allow for racks having three or more layers deep and with a
lateral storage pitch lower than that of the prior art, thereby
allowing for racks which can hold a greater number of
standardized containers in a given footprint area.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated, as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIG. 1 is side sectional view of an article storage device
of the prior art;

FIG. 2 is side sectional view of an article storage device
in accordance with an aspect of the present disclosure;

FIG. 3 is side sectional view of a standardized container;

FIG. 4 is side sectional view of an article storage device
of the prior art;

FIG. 5 is side sectional view of an article storage device
in accordance with an aspect of the present disclosure;
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FIG. 6 is side sectional view of an article storage device
in accordance with another aspect of the present disclosure;

FIG. 7A is a top view of a storage and retrieval transport
apparatus arm in accordance with another aspect of the
present disclosure;

FIG. 7B is a side view of the storage and retrieval
transport apparatus arm of FIG. 7A;

FIG. 7C is a top view of the storage and retrieval transport
apparatus arm of FIG. 7A in an alternative configuration;

FIG. 7D is a side view of the storage and retrieval
transport apparatus arm in the configuration of FIG. 7C;

FIG. 8A is a top schematic view of a storage and retrieval
transport apparatus of the prior art including an arm in a
partially extended position and interfering with a standard
container in the storage rack;

FIG. 8B is another top schematic view of the storage and
retrieval transport apparatus of FIG. 8A with the arm in a
fully extended position;

FIG. 9A is a top schematic view of a storage and retrieval
transport apparatus in accordance with another aspect of the
present disclosure including an arm in a partially extended
position;

FIG. 9B is another top schematic view of the storage and
retrieval transport apparatus of FIG. 9A with the arm in a
fully extended position;

FIG. 10 is a flow chart of a method of moving a stan-
dardized container to a destination position within an article
storage device; and

FIG. 11 is a flow chart of a method of moving a stan-
dardized container from an accessible position within an
article storage device to a destination position.

DESCRIPTION OF THE ENABLING
EMBODIMENTS

Referring to the Figures, wherein like numerals indicate
corresponding parts throughout the several views, an article
storage device 20 is provided for holding a plurality of
standardized containers 22. The standardized containers 22
may be front opening unified pods (FOUPs) commonly used
in semiconductor fabrication plants for holding and trans-
porting semiconductor wafers, and which may define an
interior space for holding a plurality of semiconductor
wafers. As best shown in FIG. 3, each standardized container
22 may extend between a generally horizontal bottom sur-
face 24 and a top surface 26 spaced from and generally
parallel to the bottom surface 24. The standardized contain-
ers 22 may include an opening side 27 perpendicular to the
top and bottom surfaces 26, 24 for providing access to the
interior space and may also include a door flange 28 along
the opening side 27 and extending beyond the top surface 26
opposite the bottom surface 24. In other words, the door
flange 28 may extend above the top surface 26. The stan-
dardized containers 22 may further include a lifting flange
30 attached to extending generally parallel and spaced apart
from the top surface 26 for receiving a lifting tool 32 for
lifting the standardized container 22.

As best shown in FIGS. 4 and 5, an access space 34 may
be provided for allowing movement of the standardized
containers 22. The access space 34 may be enclosed within
the article storage device 20. The article storage device 20
may include a first storage rack 36 including a plurality of
positions 38 each configured to receive and hold one of
standardized containers 22. Each of the positions may
include one or more shelves 39 for holding the containers
22.
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As best shown in FIG. 5, the first storage rack 36 may
include the plurality of positions 38 arranged in a first row
46 and a second row 48 vertically stacked on top of one
another and adjacent thereto and defining a vertical storage
pitch as the vertical distance between the bottom surface 24
of one of the standardized containers 22 disposed in the first
row 46 and the bottom surface 24 of another one of the
standardized containers 22 in the next vertically adjacent
row. The first storage rack 36 may also include the plurality
of positions 38 arranged in at least two different levels 50,
52 including a first level 50 spaced a first horizontal depth
away from the access space 34 and a second level 52 spaced
a second horizontal depth greater than the first depth away
from the access space 34. Furthermore, the plurality of
positions 38 may also be layered in a width being in a
direction perpendicular to the directions of the rows 46, 48
and levels 50, 52. As shown in FIG. 6, the storage racks 36,
38 may include an additional level 55, such that there are
three levels 50, 52, 53. It should be appreciated that any
number of rows, levels and widths may be utilized. As best
shown in FIGS. 9A-9B, the first storage rack 36 may include
the plurality of positions 38 arranged in a first column 40 and
a second column 42 laterally adjacent thereto and defining a
lateral storage pitch as the lateral distance between a given
location on one of the standardized containers 22 disposed
in the first column 40, such as its center, and the same given
location of another one of the standardized containers 22
disposed in the second column 42.

As shown in FIGS. 2, 5, and 6, the article storage device
20 of the present disclosure may include a second storage
rack 54 substantially identical to the first storage rack 36 and
arranged at a mirror image orientation with the access space
34 extending between the first storage rack 36 and the
second storage rack 54. According to an aspect, a given one
of the positions 38 having an associated storage rack and
column and row may be designated as an accessible position
when that position 38 is not obstructed by one of the
standardized containers 22 in the same given rack and
column and row and in a level between that position 38 and
the access space 34.

A storage and retrieval transport apparatus 56, also called
a Rack Master (RM), may be movable within the access
space 34 and may include one or more arms 58 configured
to move a lifting tool 32 into either of the storage racks 36,
54 to engage a standardized container 22 and to thereby
allow the retrieval transport apparatus to move the standard-
ized container 22 between the position 38 within the storage
rack 36, 54 and the access space 34. According to an aspect,
the lifting tool 32 of the storage and retrieval transport
apparatus 56 may be a chucking type device, which may be
called a chuck 32. The storage and retrieval transport
apparatus 56 may also move the standardized container 22
to another destination such as a different position 38 within
one of the storage racks 36, 54 or to another place such as,
for example, a dock to be conveyed out of the storage and
retrieval transport apparatus 56. As is shown in FIG. 6, the
article storage device 20 may include more than one storage
and retrieval transport apparatus 56.

According to an aspect of the disclosure the standardized
containers 22 may each be disposed in the storage racks 36,
54 with their respective opening sides 27 facing away from
the access space 34 for allowing the chuck 32 of the retrieval
transport apparatus to move in a substantially horizontal
plane between the access space 34 to engage the lifting
flange 30 of one of the standardized containers 22 without
being obstructed by the door flange 28. For example, as best
shown in FIGS. 2 and 6, the standardized containers 22 may
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each be disposed in the storage racks 36, 54 with their
respective opening sides 27 farthest from the access space
34 and thereby positioning the door flanges 28 opposite the
storage and retrieval transport apparatus 56. The standard-
ized containers 22 may also be oriented with their respective
opening sides 27 facing perpendicularly or sidewise to the
access space 34, which may also provide unobstructed
horizontal access to the lifting flanges 30. According to an
aspect, the chuck 32 of the retrieval transport apparatus may
be configured as a fork including a pair of generally parallel
members, and the horizontal engagement of the standardized
containers 22 may be called “forking” or “chucking.” As
illustrated in the upper-right side of FIG. 3, if the standard-
ized container 22 is oriented with the door flange 28 facing
the access space 34, the door flange 28 may cause mechani-
cal interference and block the chuck 32 from moving
horizontally to the lifting flange 30.

With the door flanges 28 being oriented as to allow
unobstructed horizontal access to the lifting flanges 30, the
article storage device 20 of the present disclosure allows the
standardized containers 22 to be moved into and out of the
storage racks 36, 54 using the lifting flanges as shown in
FIG. 5 instead of requiring them to be lifted from their
bottom surfaces 24 as is generally done in the prior art and
as illustrated in FIG. 4. In this way, the arm 58 of the storage
and retrieval transport apparatus 56 may be located substan-
tially within the same row as the standardized container 22
to be moved, thereby allowing the vertical storage pitch to
be reduced, for example, from 453 mm to 380 mm as shown
in FIGS. 4-5.

According to an aspect, and as best shown in FIGS.
7A-7D, the arm 58 of the storage and retrieval transport
apparatus 56 may include a Selective Compliance Articu-
lated Robot Arm 58 (SCARA) comprising a plurality of four
or more segments 60 with a hinged joint 62 between each of
the segments 60. In other words, the arm 58 may include
three or more joints 62 between the segments 60. According
to an aspect, the arm 58 may be actuated by two or more
motors 64, with each motor 64 causing two segments 60
separated by a joint 62 to be moved relative to one another.
In this way, the arm 58 may cause the chuck 32 to engage
any of the standardized containers 22 in the racks 36, 54
without contacting any other ones of the standardized con-
tainers 22 in the racks 36, 54. As best shown in FIGS.
7A-7B, the segments 60 may be arranged in pairs, with each
pair being actuated by a motor 64. As best shown in FIG. 7B,
a chuck actuator 33 may be provided to cause the chuck 32
to engage or disengage the lifting flange 30 of a standardized
container 22.

Also, as shown in FIG. 7A, the pair of first segments 60
closest to the chuck 32 of the storage and retrieval transport
apparatus 56 may have a longer length than second segments
60 farthest from the chuck 32. For instance, the segments 60
closest to the chuck 32 may have a center-to-center length of
320 mm between the centers of respective joint fittings on
opposite ends of the segment 60, while the segments 60
further from the chuck 32 may have a center-to-center length
of' 270 mm. As shown in FIGS. 9A-9B, an arm 58 compris-
ing a plurality of three or more segments 60 requires a
smaller lateral footprint and thereby allows for the standard-
ized containers 22 to be arranged in the racks 36, 54 with a
smaller lateral pitch than is possible in with arms 58 of the
prior art, which required additional lateral space between
columns to prevent mechanical interference such as is
shown in FIG. 8A. Such an arm 58 arrangement with three
or more joints may also allow for storage racks 36, 54 having
three or more levels, where storage racks 36, 54 of the prior
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art may have been limited to two levels due to the imprac-
ticability of increasing the lateral storage pitch as would be
required to accommodate an actuated arm 58 without
mechanical interference as is shown in FIG. 8A.

A method 100 for moving a standardized container 22 to
a destination position 38 within an article storage device 20
is provided. As described in the flowchart of FIG. 10, the
method 100 may include one or more of the steps of 102
engaging with a chuck 32 of a storage and retrieval transport
apparatus 56 a lifting flange 30 disposed on a top surface 26
of a standardized container 22; 104 moving by the storage
and retrieval transport apparatus 56 the standardized con-
tainer 22 within an access space 34 within the article storage
device 20 to a portion of the access space 34 adjacent the
destination position 38; 106 orienting by the storage and
retrieval transport apparatus 56 the standardized container
22 with the door flange 28 facing in a direction away from
the storage and retrieval transport apparatus 56, which may
be, for example, perpendicular thereto or opposite the stor-
age and retrieval transport apparatus 56 and the toward the
destination position 38; 108 moving by an arm 58 of the
storage and retrieval transport apparatus 56 the standardized
container 22 into the destination position 38 of the article
storage device 20. The step of 108 may be performed by, for
example, an arm 58 of the storage and retrieval transport
apparatus 56 such as the arm 58 shown in FIGS. 7A-7D. The
method 100 may proceed with the steps of 110 disengaging
the chuck 32 of the storage and retrieval transport apparatus
56 from the lifting flange 30 of the standardized container
22; and 112 retracting the arm 58 of the storage and retrieval
transport apparatus 56 into the access space 34.

A method 200 for moving a standardized container 22
from an accessible position 38 within an article storage
device 20 to a destination position 38 is also provided. As
described in the flowchart of FIG. 11, the method 200 may
include one or more of the steps of 202 moving the storage
and retrieval transport apparatus 56 within an access space
34 within the article storage device 20 to adjacent the
standardized container 22; 204 extending the arm 58 of the
storage and retrieval transport apparatus 56; 206 engaging a
lifting flange 30 disposed on a top surface 26 of the
standardized container 22 with a chuck 32 disposed on the
arm 58 of the storage and retrieval transport apparatus 56;
208 retracting the arm 58 of the storage and retrieval
transport apparatus 56 move the standardized container 22
into the access space 34; and 210 moving by the storage and
retrieval transport apparatus 56 the standardized container
22 within the access space 34 and to the destination. The
destination may be a position 38 within one of the storage
racks 36, 54. The destination may be another location
including, for example, another storage location or a dock
for exiting the article storage device 20.

Obviously, many modifications and variations of the
present invention are possible in light of the above teachings
and may be practiced otherwise than as specifically
described while within the scope of the appended claims.
These antecedent recitations should be interpreted to cover
any combination in which the inventive novelty exercises its
utility. The use of the word “said” in the apparatus claims
refers to an antecedent that is a positive recitation meant to
be included in the coverage of the claims whereas the word
“the” precedes a word not meant to be included in the
coverage of the claims.

What is claimed is:

1. An article storage device comprising:

a plurality of standardized containers each defining an

interior space and extending between a bottom surface
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extending generally horizontally and a top surface
spaced from and generally parallel to said bottom
surface, and including an opening side perpendicular to
said top and bottom surfaces for providing access to
said interior space and a rear side extending generally
parallel to said opening side and a pair of sidewalls
extending between said opening side and said rear side
in generally parallel relationship with one another, and
a door flange extending along said opening side and
beyond said top surface, and including a lifting flange
attached to said top surface for receiving a lifting tool
for lifting said standardized container;

an access space for allowing movement of said standard-
ized containers;

at least one storage rack adjacent to said access space and
including a plurality of positions each configured to
hold one of said plurality of standardized containers;

said plurality of positions of said storage rack configured
to hold said storage containers with at least two of said
plurality of storage containers arranged side by side
relative to said sidewalls and with at least three of said
plurality of storage containers arranged in end to end
relationship with one another in a direction between
said opening and rear sides of said containers;

a storage and retrieval transport apparatus movable within
said access space and including an arm configured to
move said lifting tool within said at least one storage
rack to engage a standardized container located in one
of said positions, and to thereby allow said retrieval
transport apparatus to move the standardized container
to or from said positions;

wherein said standardized containers are each disposed in
said at least one storage rack with their respective
opening sides oriented in a direction opposite said
storage and retrieval transport apparatus and thereby
positioning said door flanges out of the path between
the access space and said lifting flange of standardized
containers for allowing said lifting tool of said retrieval
transport apparatus to move in a substantially horizon-
tal plane between said access space to engage said
lifting flange of one of said standardized containers
without being obstructed by said door flange;

wherein said arm of said storage and retrieval transport
apparatus comprises at least four segments with a joint
between each of said segments, and wherein said arm
includes at least three joints for positioning said lifting
tool into engagement with any of said standardized
containers in said at least one storage rack without
contacting any other of said standardized containers in
said at least one storage rack located to a side of said
standardized container.

2. An article storage device as set forth in claim 1 wherein
said at least four segments includes at least one first segment
connected to said lifting tool and at least one second segment
spaced from said lifting tool, and wherein said first segment
is longer than said second segment.
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3. An article storage device as set forth in claim 1 wherein
said storage and retrieval transport apparatus further
includes at least two motors, with each of said motors
causing two of said segments separated by one of said joints
to be moved relative to one another.

4. An article storage device as set forth in claim 1 wherein
said lifting tool is arranged as a fork with a pair of generally
parallel members.

5. An article storage device as set forth in claim 1 wherein
said at least one storage rack includes a first storage rack and
a second storage rack, and wherein said access space is
defined between said first and second storage racks.

6. An article storage device as set forth in claim 1 wherein
said plurality of positions include a plurality of rows stacked
vertically on top of one another.

7. An article storage device as set forth in claim 6 wherein
said plurality of positions further includes a plurality of
levels arranged horizontally relative to one another.

8. A method for moving a standardized container having
a bottom surface and a top surface extending generally
parallel to the top surface, a lifting flange attached to the top
surface and extending generally parallel to the top surface,
an opening side for providing access to an interior space of
the standardized container, and a door flange along the
opening side and extending above the top surface, said
method comprising the steps of:

positioning the standardized container on a shelf of a

storage rock with the opening side oriented in a direc-
tion opposite a storage and retrieval transport appara-
tus;

moving a lifting tool of the storage and retrieval transport

apparatus substantially along a horizontal plane in a
first direction to a location beneath the lifting flange
and engaging the lifting flange;

moving the lifting tool of the storage and retrieval trans-

port apparatus substantially along the horizontal plane
in a second direction opposite the first direction to
remove the standardized container from the storage
rack.

9. The method for moving a standardized container as set
forth in claim 8 wherein the arm of the storage and retrieval
transport apparatus includes a plurality of segments with a
joint between each of the segments, and wherein the arm
includes at least three joints for positioning the lifting tool
into engagement with any of the standardized containers
without contacting any of the other standardized containers
in the storage rack.

10. The method for moving a standardized container as set
forth in claim 9 wherein the plurality of segments includes
at least one first segment connected to the lifting tool and at
least one second segment spaced from the lifting tool, and
wherein the first segment is longer than the second segment.

11. The method for moving a standardized container as set
forth in claim 8 wherein the lifting tool is arranged as a fork
with a pair of generally parallel members.
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